LA-UR-81-1016

R4~ —|

A URE — X0

MASTER

TITLE: UNUSUAL CAPABILITIES AND NEW PROGRAMS
AUTHOR(S): Donald H. Janrey

SUBMITTED TO: Proceedings of Weapons Agencies Nondestructive Test
Organization (WANTO) Meeting at Rocky Flats Plant,
Golden, CO., Ma:ch 10-12, 198

e DIKCLAIML P

By acceptance of this arucle, the publisher tecagm zes that the
US. Gavernnwnt ratains o nonexclusive, royalty. free hicense
to publish ur raproduce the pubhished form of tius contnbu-
tiat, or 1o allon others to do so, for US. Government pur.
posns.

Fhe Los Alamos Scientithe Lahoratory requests that the pub-
aher identify s grucle &y work performed undor the gus-
paces of the UL Depaninent of Lnergy

University of California

LOS ALAMOS SCIENTIFIC LABORATORY

Post Officon Box 1663 Los Alamos, New Mexico 87545
An Affirmative Action/Equal Onportunity Err. Jloyer

FForm No. 838 R3 UNITLD STATES et oalyt

81, No, 2029 PEPARTMUENT OF NI NGY
12478 CONTHACT W-7A0R8-1 NG 38


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


UNUSUAL CAPABILITIES AND NEW PROGRAMS
by
D. H. Janney

Los Alamos National Laboratory, Los Alamos, New Mexico

INTROGUCTION

At the Los Alamos National Laboratory we have axpanded Nondestructive
Evaluation (NDE) as necessary to meet a number of needs beyond thnse that
have been typically encountcred within the nuclear weapons community.

These needs are met with a variety of technologies that can be tirunsferred
to the problems of the weapons community. In that sense, to this audience,
these technologies are solutions looking for problems. A major purpose of
WANTO nust be to help match solutions and problems. For this reason, we
use this pa?er to present WANTO with a number of NDE technologies which
have had only minimal impact on weapons activities. We do this without
apology.

X-RAY FLUORESCENCE

We sometimes need to know what trace chemical elements are present in
a material. X-ray fluorcscence offers a means for making this dcetemmina-
tion. Any chemical element can be excited to x-rey fluoresrence. An x-ray
source of pnnton cnergies greater than those of the fluorescent photons is
reguiircd. Photons from the primary source remove electrons from the atoms
of the material, leaving the atoms excited. As the atoms return to their
normal state, they emit x-rays that have energies characteristic of the
atoms. Thus, enerqny-resolved, photon-cnunting methods can be used to iden-
tify the atomz. Aatsmic concentrations of a few tens of parcs per million
are routir:ly detectable. The limit in any specific case will be dependent
upon the atomic numbers of the trace materials in questios and of the mate-
rial in which these traces are embedded.

We do most of our x-ray fluorescence excitation with radicisotope

sources. The only requirement is that the source have photon cmission at
high enough cnergy to excite the atoms unde: study. Isotenes often used
for excitation are Iron-5%, Ca¢mium-109 and Samarium-145. Wilh these



isotopes we have excitation energies ranging from 2 keV to 40 keV. The
flvorescent x rays from the excited atoms are detected with lithium-drifted
silicon detectors and analyzed in a standard pulse height analyzer.

At Los Alamos we now use x-ray fluorescence routinely as part of the
quality assurarice oo nuclear-reactor materials and for identification of
mislabeled materials as received from outside suppliers. Under aureements
with various museums, these techniques are used for archeological studies.

The fluorescent x rays which are characteristic of various elcments
may be nearly at the same energy on occasiocn. In this case, even state-
of-the-art photon detectors are inadequate for quantitative analysis of the
Tater1a1. Technigues of signal processing wili improve the separation of

nearly equal," x-ray energies. We ihuve studied application of the Maximum
A Posteriori (MAP) method of image restoration to the problem of improving
the x-ray fluorescence data (1). In this application, “improve" means to
minimize the effects of the limited energy resolution available from the
photon detector. The MAP scheme was initially developed at Los Alamos (2)
for application to images. X-ray fluorescent spectra may be thought of i
this context as one-dimensional images. The details of the MAP mathematics
are beyond the scope of this presentation; however, a somewhat vague verbal
statement of the problem js reasonably meaningful. In fiading MAP restora-
tions we ask a probapilistic question: given the measured spectrum and a
detector response characteristic, what is the most 1likely input spectrim
subject to known (or assumed) statistics for the noise and the spectrum?
We nnte that the assumed statistics for the input data will influence the
final result. More study is clearly needed. However, by means of computer
simulations, we can demonstrate that marked resclution improvements are now
available even in our imperfect state of knowledga. rigure 1 shows the
spectrum derived by algebraically adding copper and zinc spectra plus
noise. Both a "normal" and an “expanded" scale are shown. Our most
successful restoration of this spectrum is shown in Fig. 2, where again we
use both a normal and an expanded scale. Note the vastly improved resolu-
tion of the peaks.
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COMPUTERIZED AXIAL TOMOGRAPHY (CAT)

X-ray images are inherently poor ways to obtatn depth information
parallel to the x-ray beam. Tomographic schemes in which the x-ray source
and the film are physically moved in synchronism have enjoyed limited
popularity.

In recent years, computerized-axial tomography (CAT) or computer-aided
tomography (CAT) has become very popular for medical diagnostics. In this
procedure we are able to construct a view of an object such as we would
obtain if we could slice the object and look at a cross section (3). Since
the technique is relatively time consuming and expensive, it has had very
limited applications in the industrial world. Nonetheless, it is a tech-
nique of great potential for those instances in which the time and money
are warranted. It can produce data that cannot be obtained by any other
means. We are developing a tomographic system at Los Alamos for examina-
tion of nonmedical objects.

CAT requires a large number of x-ray views taken at a series of angles
around the object. In general, the more views which are obtained, the
better the visualization of detail in the resultant cross-section. In our
system we obtain these muitiple views by rotating the object about an axis
between a fixed x-ray source and a detector. Sixty or ninety views over
180° of rotation are commonly obtained. Figure 3 is a schematic of the
tomographic system.

DIRECTION OF
TRANSLATION
OF OBJECT

DETECTOR:

SOURCE
COLLIMATOR

COLLIMATOR
OBJECT (ARROW SHOWS ROTATION)

Fig. 3 Schematic of the CAT System.



Most of our tomographic work to date has been with radioisotope sources of
X rays. The emission passes through a collimator, then through the object
and into a Nal-photomultiplier detector.

The system is under computer control of the object position and data
collection. At a given rotatijonal position the coject moves across the
collimated x-ray beam. The angular position is then incremented for the
next view. The object again moves across the beam. The procedure repeats,
as needed, for all views. The data from each passage of the object across

the beam is recorded on a floppy disc for later analysis on a 7600 com-
puter.

The analysis, or reconstruction, furnishes the cross-section view of
the object. The entire process must be repeated for each plane through the
object which we wish to examine in cross-section. A major reduction in the
time for data acquisition is possible by collection of the data as a two-
dimensional image for each rotational position of the object. In prin-
cipal, then we could reconstruct numerous planes simultaneously. Develop-
ment of the mathematics for this analysis, known as cone-beam reconstruc-
tion, is a major undertaking, still waiting for adequate funding.

Prior to beginning a complete tomographic scan we always take a few
conventional radiographs. These radiographs furnish the needed technique
data for the tomographic procedure. If we cannot get a good conventional
radiograph, the tomographic visualization will not be satisfactory.

Figures 4 and 5 show an example of the Los Alamos tomographic work.
The object in Fig. 4 is a conventional electric capacitor. Electrically,
this capacitor was beginning to show signs of failure. But what was the
mechanism of the failure? Efforts to invasively section similar capacitors
had been futile, as the sectioning operatioa deformed the details of fail-
ure. Simple radiography was of only limited value because of the diffi-
culty in visualization of three dimensions. In Fig. 5 we show a single
plane, or slice, of the capacitor in cross-section. A series of such
slices shows the three-dimensional characteristics of the failurc region.

Fig. 4 Electric Capacitor, Shown in CAT Reconstruction in Fig. 5.
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Fig. 5a CAT Reconstruction of Un- Fig. b CAT Reconstruction of Damaged
Damaged Capacitor that is Capacitor.
Shown in Fig. 4.

CODED APERTURES

We occasionally need to image a self-luminous object; for example, a
piece of radioactive material. In a principle, we could image this mate-
rial with a simple pinhole. In practice, the pirhole is often not satis-
factory. In order to obtain adequate spatial resolution the pinhole must
be very small, resulting in a very iow flux and very faint image. The
coded aperture offers a way to ovzrcome this problem (4). Think of many
pinholes so close together that their individually formed images overlap.
The composite of overlapped images can be unscrambled in the computer to
form a represcntation of the self-luminous object. Further, since the size
of the image formed by each pinhole and the offset of overlapping images
are functions of the distance from the object to the pinhole screen, the
unscrambling can yield three-dimenstional data from the object. This
screcen with several pinholes is the coded aperture. A detailed analysis
shows that often the best conditions for this schema require a screen that
is transparent to the emitted radiation over half of its area. The other
half is opaque to this radiation. Thus, enormous gains in flux of the
order of 10 over a simple pinhole are available.
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The successful unscrambling of overlapping images requires certain
mathematically defined relations between the open and the opaque regions of
the pinhole screen. Various laboratories each have a favorite set of
relations. Our favorite at Los Alamos is the un1form1y redundant aperture
(URA). We have shown, on a theoretical basis, that in many cases of prac-
tical interest this aper+ure will give a superior representaticn of the
object. The other apertures in common use, all tend to produce much vorse
artifacts, halos, ctc. A typical URA is shown in Fig. 6.

Fig. 6 Uniformly Redundant Coded Aperture. Dark Areas are Opaque, Light
Areas are Open; or Vice-versa

The three-dimensional properties of the coded aperture have not yet
been fully developed. Without extensive further analytical dovelopment, we
note simply that the spatial resolution in the third dinmension is much

worse than in the transvorse directions.
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A comparative example of a URA image and a pinhole image is shown in
Fig. 7. This figure shows the images from a small sphere of Pu-239 and a
15-cm disc of U-235. Both were at a distance of approximately 12 m from
the URA camera. Both images were formed with a 30-minute expcsure to the
120 keV gamma rays emitted by the objects. Though even the URA image is
far frem ideal, it is vastly superior to the pinhole image. This superi-
ority results from the much larger aperture of the URA than of the pinhole.
With longer exposures or sufficiently intense sources, excellent images can
be obtained.
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Fig. 7a Pinhole Image of Two Radio- Fig. 7b URA Image of Same Two
active 3Sources. Sources as Shown in
Fig. 7a.

We have not tried a coded aperture camera on an object that is not
self-Tuminous. In theory, such an object could be made to bchave as a
luminous object by irradiating it with x rays and observing the sideways
scattered rays with a coded aperture. Such a technique would yield limited
threedimensional data. Its teasibility depends upon primary intersity,
scattering cross-section, detector efficiency, and absorption of the inci-
dent and scattered x rays. In the absence of a detailed analysis, it is
this author's opinion that this type of scattered radiography is of limited
utility.
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GAMMA-RAY COUNTING

A problem from the reactor fuel-element fabrication facility concerns
the unitormity of element loading with fissile material. Uniformity is
measured in terms of gemma emission per unit length of element. Ve make
this measurement with an ad hoc system to position the fuel elcment with
respect to scintillation detectors. The element slides through a scintil-
lation assembly. See Fig. 8. The motion ceases at frequent intervels
while the gamma counting rate is recorded. In principle tihe entire opera-
tion can be performed under computer contrc®, though at the moment the
centrol system is t.acomplete. Of interest here, however, is not the funda-
mental exp2riment or the computer controller. Rather, we ask how the
lengthwise resoiution of the system can be improved.

DETECTOR

SHIELD

NN

@* MOTION
A\

FUEL
ELEMENT DETECTOR
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Fig. 8 Simplified Schematic of Gamma-ray Emission Inspoction of Fuel
Elements.
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To arnswer this question, consider a hypothetical fuel loading that
consists of a single emitting slice through the fuel element. When this
slice is a great distance from one side of the scintillation counters, the
signal will be essentially zero. As this emitting slice moves toward the
detectors the signal will increase. It will be a maximum when the slice is
in the midplane of the detectors. As the slice moves on past the detec-
tors, the signal will drop, becoming essentiaily zero again at a large
distance. This variation of counting signal with eclement position may be
thought of as a point-spread function (PSF) for the system. Stated under
this name, it is clear that in principle the effects of the PSF can be
deconvolved from the data. This deconvolution will give better length
resolution of the fissile loading in the element. Any of several decon-
volution, or restcration methods, are potentially applicable. The choice
will probably rest upon the signal-to-noise ratio that is obtainable with a
reasonable counting time at each position of the fuel element.

This method of analyzing the counting data is still under study.
Should it prove to be feasible and useful, the idea is applicable to any
situation in which a radiation detector of broad areal response is needed.

ULTRASONICS

Though ultrasound is now a classical form of NDE, the relation of
scattered acoustic signal to the scattering inhomogeneity is still often
determined empirically. A need exists for adequate theoretical computa-
tional methods to relate the scattered signal to the inhomoyeneity. 1In
collaboration with our theoretical division, we have begun such a program
at Los Alamos. Due to a lack of funding for experimental work, the theo-
retical effort is far ahead of corroborating experimental activity. The
theoretical activity to date has considered single scattering inhoiiogene-
ities within a large homogeneous piece of material (5). We are still
developing suitable schemes for data analysis from these relatively single
sscatterers. Theoretical activity continues towara multiple interacting
inhomogeneities. This latter problem is also more difficult experimen-
tally. Currently our experimental fabrication group is studying ways to
build such a system with a known distribuiion of inhomogeneities.

CORCLUSTONS

A multipurpose NDE laboratory develops many techniques for special
purposes. Without an intentional effort to relate these techniques to
problers of the nuclear weapons community we pass by oppertunities for
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valuable iiterchanges. In this paper we have described szveral solutions
looking for weapuns problems. QOut of these descriptions we hope that
better NDE techniques will emerge for use in cxamination of weapons and
weapon components.
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